Agricultural intensification is one of the major causes for the global loss of biodiversity and associated ecosystem services. As an alternative to conventional farming, organic management is considered a way to mitigate some of the negative impacts on biodiversity in agricultural landscapes; however, their benefits for bats are not very conclusive. We investigated the hypothesis that organic farming benefits bats in vineyards by improving conditions for foraging through increased availability of prey. We also hypothesized that bat activity would vary between edges and the interior of vineyards in response to prey availability that in turn would be influenced by agricultural management. Bat activity was quantified along edge and the interior of each vineyard type by using acoustic surveys. In addition, we sampled nocturnal flying insects at each site using light traps. Species richness and overall bat activity were significantly higher in organic than conventional vineyards, with organic edges concentrating the highest bat activity. Our results suggest negative effects of agricultural intensification on insectivorous bats. The high bat activity along edges compared to the interior of vineyards suggest that these structural features of the landscape are important components for bat populations in vineyards, and therefore should be considered within agricultural management in order to promote bat abundance and their role as pest suppressors.
Agricultural intensification has resulted in more simplified landscapes as a consequence of the replacement of natural habitats and the regional specialization of farmers on a few crops (Concepción et al. 2008 ). This change in land cover, coupled with the use of pesticides and chemical fertilizers in crops, is considered one of the major causes of the global loss of biodiversity and associated ecosystem services, such as biological pest control (Butchart et al. 2010; Geiger et al. 2010) .
Bats are predators of economically important crop pests , and thus provide valuable ecosystem services to farmers as natural pest suppressors in agricultural landscapes (Williams-Guillén et al. 2008; Kunz et al. 2011; Maine and Boyles 2015) . Increased pesticide use associated with agricultural intensification can reduce nocturnal insect abundance and species richness and therefore affect the foraging activity of bats (Wickramasinghe et al. 2004; Jones et al. 2009 ). The removal of noncrop habitats such as hedgerows, forested areas, and field boundaries also results in the loss of valuable habitats for bats and their insect prey (Fuentes-Montemayor et al. 2013; Park 2015) . Bat activity and species richness tend to be significantly higher around hedgerows and vegetation adjacent to crops compared to open areas within agricultural lands (Boughey et al. 2011; Lentini et al. 2012; Frey-Ehrenbold et al. 2013 ; Rodríguez-San Pedro and Simonetti 2013a; Kalda et al. 2015) . Forested edges and hedgerows are used by bats as corridors for navigation and also serve as shelterbelts where swarms of aerial insects congregate, thus providing good foraging habitat compared to farmland open spaces (Verboom and Spoelstra 1999; Jensen et al. 2005; Morris et al. 2010; Lentini et al. 2012; Heim et al. 2015) . Therefore, the loss of these essential habitats could be detrimental to bats, making farmlands less attractive to them.
Previous studies evaluating the impact of agricultural intensification on insectivorous bats have yielded inconsistent results. While some authors have reported a benefit of organic farming for insectivorous bats, with higher abundance and species richness in organic systems (Wickramasinghe et al. 2003; Fuller et al. 2005; Herrera et al. 2015) , others concluded that these environmentally sensitive agricultural practices do not benefit bats at all (Fuentes-Montemayor et al. 2011; Long and Kurta 2014) . Pocock and Jennings (2008) found that insectivorous bats were not affected by agrochemical inputs, but were strongly influenced by edge effects, with higher bat activity along hedgerows and field boundaries compared to the interior of cropped fields, suggesting that these landscape features within the farm may be more important for bat activity than the reduced use of pesticides on its own. However, it remains unclear whether edge effects might vary between organic and conventional farms. In organic farming, pesticides and inorganic fertilizers are excluded, and noncrop habitats (natural or seminatural) are integrated in farm management, thus ideally producing a farmland that is of higher habitat quality for bats, in terms of prey availability, compared to conventional farms (Wickramasinghe et al. 2003 (Wickramasinghe et al. , 2004 . The choice of foraging habitat by bats is influenced by the diversity and abundance of available insect prey (Verboom and Spoelstra 1999; Kusch et al. 2004; Morris et al. 2010) . Greater abundance of prey insects within organic crop fields may increase foraging opportunities and thus promote higher bat activity in the interior of croplands compared to field edges. Accordingly, edge effects on bat activity would not be expected in this type of management system, whereas we would expect to see edge effects in conventional systems where the abundance of prey insects and therefore bat activity likely would be concentrated in field edges.
One of the most widespread agricultural activities in central Chile is viticulture (Schulz et al. 2011) . As a monoculture, vineyard crops represent a potential threat to the regional biodiversity due to the replacement of native habitats and simplification of the surrounding landscape structure (Underwood et al. 2009 ). In this sense, a switch to organic management has been adopted as an alternative to mitigate the negative impacts on biodiversity in these emerging vineyard landscapes (Bruggisser et al. 2010 ); however, their benefits for bats are not conclusive (Froidevaux et al. 2017) . Bat species occurring in the valley of central Chile are all aerial-hawking insectivores with varying levels of tolerance for structural complexity of foraging habitats (Schnitzler et al. 2003; Denzinger and Schnitzler 2013; Rodríguez-San Pedro et al. 2016) , and most species prefer edges in forest plantations and native forest over interior habitats for feeding Simonetti 2013a, 2015) . Thus, declines in insect abundance and the loss of vegetation adjacent to vineyards because of agricultural intensification probably have important implications for bat foraging.
We examined the benefits of organic management on the occurrence of bats in vineyards of central Chile by comparing their species richness and activity levels on organic and conventional farms. We also evaluated if bat activity differs between edges and the interior of the vineyards and if such differences vary between organic and conventional farms. We assessed the hypothesis that organic vineyards enhance species richness and activity of bats by improving conditions for foraging through increased availability of prey. In this sense, we expected bat activity and species richness would be higher in organic than in conventional vineyards. In addition, we hypothesized that bat activity would vary between edges and the interior of vineyards in response to prey availability that in turn would be influenced by agricultural management. Based on the presumed greater abundance of prey insects within organic vineyards, we expected that bat activity would be similar between edges and interior in this type of management system, but higher along edges compared to interiors in conventional vineyards, where abundance of prey insects likely would be concentrated in field edges.
Materials and Methods
Site selection and study design.-The study was conducted at 11 plots in organic and 11 plots in conventional vineyards in 2 municipalities (Buin and Paine) of the metropolitan region, central Chile (33°42′S-70°40′W to 33°51′S-70°35′W; Fig. 1A ). Plots were located at different fields and at least 600 m away from each other, within a range of 19 km. All organic vineyards were managed as such for 15-20 years prior to the study and were certificated by 2 official national certifying bodies in Chile: ECOCERT CHILE S.A. and CERES-Certification of Environmental Standards. Unlike those in conventional vineyards, plots in organic vineyards received no agrochemical treatments except fungicides. In addition, between-row spaces in organic vineyards had various species of annual cover crops, as well as flowers and some weeds. All vineyards, irrespective of the management approach, had a similar surrounding land cover ranging from remnants of natural vegetation to small, planted patches of exotic tree plantations such as Pinus sp. and Eucalyptus spp., orchards, and urban or semiurban areas. The remnants of natural vegetation mainly contained Acacia caven, Quillaja saponaria, Lithraea caustica, and Baccharis linearis, among other trees and shrub species, while almond and walnut trees dominated fruit crops. Plots in organic and conventional vineyards were matched according to the adjacent habitat (e.g., organic vineyard adjacent to native vegetation with conventional vineyard adjacent to native vegetation; Fig. 1B ) to avoid biases due to differential representation of types of edges. Most edges (63%) were native vegetation and fruit crops, but we also included matched plots of urban or semiurban areas, and exotic tree plantations.
Bat surveys.-Within each plot of organic and conventional vineyards, 2 sampling points were chosen randomly, 1 at the edge of the vineyard, adjacent to surrounding land cover, and the other within the vineyard interior (Fig. 1B) . In all cases, the interior sampling point was set at a minimum of 75 m in a straight line from the edge point. Each night, 2 people simultaneously recorded bat activity, 1 at the edge and 1 in the interior of the vineyard, for 30 min within a plot, and then moved to the next plot of the same vineyard type. Organic and conventional vineyards were sampled on consecutive nights. All recordings within a plot were done at different times each sampling night, in a random order, to control for nightly variation in bat activity (Hayes 1997) . Surveys began at dusk and extended for 3 h each night to coincide with the first peak of bat activity during the night (Rodríguez-San Pedro and Simonetti 2015). Each plot was sampled 3 times, on different nights, between January and March in 2016 and 2017, to control for variation in weather conditions between nights. This sampling period corresponds to the summer season in the southern hemisphere, the peak season in bat activity in temperate zones. Surveys were not conducted if the overnight temperature dropped below 10°C or heavy rain was expected to avoid reduced bat activity (Erickson and West 2002) .
Bat activity was recorded using ultrasound bat-detectors model D240X (Pettersson Elektronik AB, Uppsala, Sweden) coupled to a digital recorder (Zoom H2n Handy Recorder) and operated both in heterodyne and time-expanded modes. Time-expanded mode records the full-spectrum echolocation calls with a high-resolution sonogram of each bat vocalization. These full-spectrum echolocation calls were used to classify bat activity to species. Heterodyne recordings do not preserve duration, absolute frequencies, or the frequency-time course of the original signal, thus, cannot reliably be used to identify bat passes at species levels, but do provide an index of bat activity (Ahlén 2004; Limpens and McCracken 2004) . Therefore, heterodyne recordings were not included in the analyses at the species level, but were pooled with those recorded in timeexpanded mode for analysis of total activity, allowing full use of the recording information. We manually looked through all files to ensure that insect noise or ambient noise was not included in analysis. Bat activity was quantified by pooling the number of bat passes across nights for each sampling point and used as a measure of bat relative abundance (Walsh et al. 2004) . A bat pass was defined as a succession of more than 2 echolocation pulses emitted by a bat flying by the detector (Rodríguez-San Pedro and Simonetti 2013a, 2015). Furthermore, feeding activity was quantified by counting the number of files that contained a distinct terminal feeding buzz followed by a pause (sequence of very short duration signals emitted by bats while catching a prey- Griffin et al. 1960) . Bat passes were displayed simultaneously as spectrograms and oscillograms using BatSound 2.1 software (Pettersson Elektronik AB), and each species was manually identified by comparing the parameters of our recorded calls to a library of validated reference calls from Chilean bats (Rodríguez-San Pedro and Simonetti 2013b; Rodríguez-San Pedro et al. 2016) . The following parameters were used in the classification analysis: duration (time between start and end of a pulse), start and end frequencies (frequencies at the start and the end of the pulse, respectively), and peak frequency (frequency of maximum energy of the pulse).
Nocturnal insect sampling.-We estimated the abundance of nocturnal flying insects at plots simultaneously sampled with bat detectors. We used two 12-volt, 8-watt black-light (ultraviolet) traps to capture insects. Traps were placed at least 50 m from the nearest bat detector, in both interior (> 75 m from vineyard boundaries) and edge within each plot. Although light traps are biased toward phototactic insect taxa, they are widely considered a standard technique for sampling nocturnal flying insects (Kunz 1988) . Effective attraction radius of insects to light traps with power higher than those used in our study (125 w) is up to 30 m (Muirhead-Thomson 1991; Merckx and Slade 2014); thus, we believe a distance of 75 m between light traps was sufficient to avoid bias by the attraction of insects from the edge to the center of the vineyard. The traps were activated at dusk and switched off after 3 h, coinciding with bat surveys.
Captured insects were preserved in a 70% alcohol solution and were identified to order using a dissecting microscope and taxonomic keys (González 1989; Artigas 1994; Peña and Osorio 2006) . Coleoptera, Lepidoptera, Hymenoptera, Diptera, and Hemiptera are the most important components in the diets of bat genera commonly present in the study area (Dávila 2004; Kunz et al. 2011; Gamboa-Alurralde 2016) ; thus, we only included these insect orders in our analysis.
Statistical analysis.-A factorial ANOVA following generalized linear/nonlinear models (GLZ) procedures was used to test for differences between species richness, overall bat activity, and feeding activity according to vineyard management (organic versus conventional) and habitat type (edge versus interior). We used a negative binomial with log-link function across GLZ models, since count data for bat activity were not normally distributed and showed evidence of overdispersion (Quinn and Keough 2002) . GLZs were fitted with main and interaction effects of the 2 factors. For those species with very few recording passes, only qualitative data were reported because of the low robustness of statistical analyses. Before all analyses, we checked for spatial autocorrelation of bat activity using the Moran's I. Bat activity was not significantly spatially autocorrelated for any of the species (Moran's I from −0.043 to 0.158, P > 0.05). To assess for differences in insect abundances between organic and conventional vineyards, and edge and interior habitats, we used a 2-way ANOVA test (squared root transformation for normality) on counts of insect captures (total, and by order). All statistical analyses were conducted in Statistica version 13 (StatSoft Inc., Tulsa, Oklahoma), except Moran's I, which was performed in R version 3.4.3.
results
A total of 1,040 echolocation sequences and 214 feeding buzzes were recorded in 66 h monitoring bat activity. Of the total echolocation passes, we analyzed 815 time-expanded sound files that contained 800 identifiable bat passes corresponding to 5 of the 6 species expected to occur in the metropolitan region: small big-eared brown bat (Histiotus montanus; n = 8 passes), cinnamon red bat (Lasiurus varius; n = 16 passes), hoary bat (Lasiurus cinereus; n = 17 passes), Chilean myotis (Myotis chiloensis; n = 30 passes), and Brazilian free-tailed bat (Tadarida brasiliensis; n = 729 passes). The remaining 1.8% could not be identified to species due to the low intensity of the recorded calls, so they were labeled as "unknown."
Species richness was significantly higher on organic (mean ± SE, 1.91 ± 0.23) than conventional vineyards (1.00 ± 0.16; Wald χ 2 = 14.49, P ≤ 0.001), but did not differ between the edge and the interior of the vineyards (Fig. 2A) . In both vineyard types, T. brasiliensis was the species with the highest activity levels, representing more than 90% of all passes recorded, although it was significantly higher on organic (23.45 ± 3.57) than conventional sites (9.68 ± 2.48; Wald χ 2 = 12.35, P ≤ 0.001). Edges supported a higher activity of T. brasiliensis (21.64 ± 3.75) compared to the interior of vineyards (11.50 ± 2.63; Wald χ 2 = 5.56, P ≤ 0.001), and this activity was slightly higher along edges of organic vineyards. Histiotus montanus and L. cinereus were detected in few plots, and only on organic sites; meanwhile, L. varius and M. chiloensis were present in both conventional and organic vineyards, although their activity levels tended to be lower in conventional sites with respect to organic sites (Supplementary Data SD1).
Overall bat activity was significantly higher on organic (33.64 ± 4.96) than conventional vineyards (13.64 ± 3.66; Wald χ 2 = 13.19, P ≤ 0.001), and differed between the edges (32.68 ± 5.50) and the interior (14.59 ± 3.09) of organic and conventional vineyards (Wald χ 2 = 11.12, P ≤ 0.001; Fig. 2B ). Edges of organic vineyards supported the highest bat activity, while the interior of conventional vineyards exhibited the lowest. The number of feeding buzzes were approximately twice as high in organic (6.36 ± 2.11) as in conventional vineyards (3.36 ± 1.16), although the difference was not statistically significant (Wald χ 2 = 1.03, P = 0.310), probably because of large variation among sites; however, it was significantly higher along vegetation edges (8.23 ± 2.16) than in the interior of vineyards (1.50 ± 0.53; Wald χ 2 = 9.34, P ≤ 0.001; Fig. 2C ). There were no significant interaction effects between vineyard management and habitat type for species richness (Wald χ 2 = 0.34, P = 0.561), overall bat activity (Wald χ 2 = 1.26, P = 0.261), or feeding activity (Wald χ 2 = 0.06, P = 0.806). Total insect abundance was significantly higher in organic than conventional vineyards (Table 1 ), but we found no differences between edges and interior of the vineyards (F 1,18 = 0.87, P = 0.364) and no interaction effects (F 1,18 = 0.26, P = 0.614). Abundances of Coleoptera, Hemiptera, Hymenoptera, and Lepidoptera also differed between organic and conventional vineyards, with the highest abundances at organic plots. By contrast, abundances of Diptera did not differ between vineyard types (Table 1) . There was no significant difference between edges and interior of either organic or conventional vineyards in the abundances of insects by order, except Hemiptera (Table 1) . Diptera was the most abundant order of insects in both types of vineyards, representing 56% and 37% of captures in conventional and organic sites, followed by Coleoptera with 21% and 31%, respectively.
discussion
Species richness and overall bat activity were significantly higher on organic compared to conventional vineyards. These results support findings from other studies on the adverse effects of agricultural intensification on bat populations (Wickramasinghe et al. 2003; Fuller et al. 2005; Williams-Guillén and Perfecto 2010) . Although agricultural intensification affects roost availability for bats, it could also affect prey availability, and in turn, bat foraging. For example, declines in bat activity on conventional farms have been associated with declines in the numbers of key dietary components for bats (Wickramasinghe et al. 2003 (Wickramasinghe et al. , 2004 . Differences in overall bat activity found between organic and conventional vineyards in our study could also be associated with differences in prey abundance, and is likely driven by T. brasiliensis, which accounted for 90% of all passes recorded. Sixty-five percent of the insects sampled were Coleoptera, Hemiptera, Hymenoptera, and Lepidoptera, which form the main diet of T. brasiliensis (Dávila 2004 ; Kunz et al. Fig. 2.-A) Species richness (mean ± SE) on organic and conventional vineyards, and edge and interior plots. The interaction between the 2 factors (management and habitat type) was not significant (Wald χ 2 = 0.34, P = 0.561). B) Overall bat activity (mean ± SE) on organic and conventional vineyards, and edge and interior plots. The interaction between factors was not significant (Wald χ 2 = 1.26, P = 0.261). C) Feeding bat activity (mean ± SE) on organic and conventional vineyards, and edge and interior habitats. The interaction between factors was not significant (Wald χ 2 = 0.06, P = 0.806).
2011; Gamboa-Alurralde and Díaz 2018). Abundances of these 4 orders of insects were lower in conventional than organic vineyards, providing reduced food resources for foraging bats. Tadarida brasiliensis is a synanthropic species with a wide distribution in Chile and tends to be among the most frequently recorded bat species in urban and rural landscapes (Rodríguez-San Pedro and Simonetti 2013a, 2015; Rodríguez-San Pedro et al. 2016). However, mobility and abundance do not preclude sensitivity of this species to agricultural intensification, as shown by previous studies (Clark 1981 (Clark , 2001 Geluso et al. 1981) . (Ossa and Rodríguez-San Pedro 2015; Rodríguez-San Pedro et al. 2016) . Therefore, it is likely that decreased availability of roosting sites may be limiting their abundance in our study area, which has suffered from significant loss of forest cover. Contrary to our prediction, feeding activity did not differ significantly between vineyards types. This is surprising considering that organic vineyards had higher overall bat activity and nocturnal insect abundance (total, and by order). In addition, overall bat activity and feeding attempts recorded at both organic and conventional vineyards was higher along edges than in the interior. This indicates that bats prefer edges over the interior of crops, which is in accordance with previous findings, where linear elements in agricultural landscapes seem to be more attractive to bats for commuting and foraging (Lentini et Differences in bat activity in relation to the type of adjacent habitat in vineyards were not evaluated because of limitations imposed by sample size; however, a trend toward higher species richness and bat activity in organic vineyards surrounded by natural vegetation was observed (Supplementary Data SD1). Edges adjacent to crops, especially those composed of trees or shrubs, help bats to orient spatially and also may provide suitable roosts close to cultivated areas, which reduces the energetic cost of commuting for bats and enhances foraging efficiency (Verboom and Spoelstra 1999; Lentini et al. 2012; FreyEhrenbold et al. 2013; Heim et al. 2015) . Furthermore, these landscape elements are used by bats for shelter from wind and rain, and for avoidance of predation. Finally, bats may prefer these landscape elements due to their higher prey abundance (Pollard and Holland 2006; Morris et al. 2010; Treitler et al. 2016) . However, the latter explanation is not supported by our results, which showed that edges did not differ from interiors in terms of insect abundance, suggesting that factors other than prey availability are more important in determining bat activity in vineyards. The differences in bat activity recorded between edges and interior of vineyards may be related to the spatial niches of the different species. Lasiurus sp. and T. brasiliensis are open-space aerial foragers because of their high wing loading and high aspect ratio, their fast flight (Norberg and Rayner 1987; Schnitzler and Kalko 2001) , and because they are capable of capturing prey in uncluttered space. For these species, forested edges can represent physical landscape elements that can be followed during commuting or used to define foraging areas. The same trend was observed for M. chiloensis and H. montanus, which are considered edge-space aerial foragers, adapted to slow and maneuverable flight because of their low wing loading and low aspect ratio (Norberg and Rayner 1987; Schnitzler and Kalko 2001) .
In summary, our results suggest negative effects of agricultural intensification on activity of insectivorous bats in central Chile. Evidence from bats using both vegetation edges and the interior of vineyards indicated that organic vineyards tended to have higher levels of bat activity than conventional vineyards, supporting the hypothesis that organic management enhances the use of vineyards by bats. The high number of bat passes literature cited
